This study addresses the issue of optimal management of aquifers using a mathematical simulationoptimization model which relies on the stability of water quality and quantity, considering salinity. In this research first we developed a hydrological model (SWAT) to estimate recharge rates and its spatiotemporal distribution. Then, groundwater simulation of the basin was simulated and calibrated using MODFLOW 2000 and water quality was simulated and calibrated using MT3DMS. Afterwards, a multi-objective optimization model (MOPSO) and embed simulation models as tools to assess the objective function was carried out in order to produce a simulation-optimization model. Finally, a sustainability index to assess Pareto front's answers and three management scenarios (continuing previous operation, 30% increasing and reduction in previous operation) was developed. The results
METHODS

Study area description
Esfahan-Borkhar ( Figure 1 ) is one of the study areas of Iran and is located in Gavkhouni Basin (the terminal basin of the Zayandeh River). The area covers 3,385 km 2 (2,688 km 2 plain and 1,500 km 2 aquifer) and is one of the largest plains in Isfahan Province. The highest altitude of the area is about 2,535 m above mean sea level and the lowest is about 1,540 m above mean sea level.
Modeling framework
Traditionally, simulation models were used to obtain the answer of 'what if' and optimization models answer the question of 'what is the best' under a given set of conditions (Singh ) . Therefore, the optimal groundwater management alternatives may not be achieved using either simulation or optimization techniques alone. Hence, the combined use of simulation and optimization models is vital (Singh & Panda ) . During the last three decades, a simulation-optimization modeling approach has been used to solve the real world problems of water resources.
Modeling in this research consists of three parts: simulation, simulation-optimization models and development of sustainability index for choosing the best point of Then, the study area model domain was identified. The model boundary and boundary conditions were determined using the hydrological and geological data. Table 1 shows the pumping wells tested.
To simulate groundwater, a link of three models was established. This required the practical integration of operational models that not only represent all of the relevant processes in the hydrologic system in a physically meaningful way, but also are simple enough to allow large-scale basin-wide applications. The characterization of the land phase of the hydrological cycle is essential for assessing the impacts of climate and land use on the temporal and spatial distribution of groundwater recharge. The tool was selected for this purpose was SWAT. While the quasi-distributed SWAT model is capable of properly simulating the spatiotemporal distribution of groundwater recharge rates (at the spatial resolution given by their hydrologic response units, HRUs), its groundwater module is lumped. Therefore, distributed groundwater parameters (such as hydraulic conductivities and storage coefficients) cannot be represented, Figure 2 shows the modeling framework adopted.
Watershed modeling
The SWAT is a basin-scale hydrologic model developed by Water balance is the driving force behind all the processes in SWAT since it impacts plant growth and the movement of sediments, pesticides and pathogens (Arnold et al. ) .
SWAT calculates the water balance equation at each HRU, which includes daily precipitation, run off, ET, infiltration, and return flow components.
In order to develop the SWAT model simulation for
Esfahan-Borkhar the following inputs were used, divided into four categories: the digital elevation model, climate data, soil data and land use data. The HRUs were obtained as combination of land use categories, soil categories and slope category. In a preliminary SWAT HRU definition, an excessive number of HRUs was found. In order to reduce it, a filter was applied by not considering, within one specific sub-basin, land use and soil types whose surface area is below 20% of the total sub-basin area excluding irrigated land. After these operations, a final number of 55 HRUs were obtained. Then, the crop management practices (seed time, irrigation and harvest timetable; the water source, etc.) were introduced in the SWAT model using the Arc SWAT interface.
Groundwater modeling system
The GMS is a comprehensive graphical user environment for performing groundwater simulations. The entire GMS system consists of a graphical user interface (the GMS program) and a number of analysis codes (MODFLOW, MT3DMS, MODPATH, SEEP2D, FEMWATER). The (1):
where K xx , K yy , K zz are values of hydraulic conductivity along the x, y and z coordinate axes, which are assumed to be parallel to the major axes of hydraulic conductivity (L ¼ T ), W is the volumetric flux per unit volume and represents sources (W is negative) and/or sinks (W is positive) of water per unit time (T À1 ), h is the potentiometric head (L), S s is the specific storage of the porous material (L À1 ); and t is time (T ). Equation (1) and 100, and the storage coefficient, between 0.006 and 0.6. Recharge values were obtained from the SWAT model outputs, although the latter values were further modified during the calibration process between 10 À10 and 0.0008 m/day.
Groundwater TDS transport model
The partial differential equation for three-dimensional transport of contaminants in groundwater flow system is shown in Equation (2):
where C is the dissolved concentration of species k (ML À3 ), θ is porosity of the subsurface porous medium, 
where w is inertia coefficient; c 1 and c 2 are constants;
r 1 and r 2 are uniform random numbers in the range [0,1]; P i is the best position vector of particle i in the iteration of nth so far 'personal' best; P g is the best position vector of all particles in the iteration of nth so far global best; x i is the current position vector of particle i in the iteration of (n þ 1)th; and v i is the current 'velocity' of particle i in the iteration of (n þ 1)th (Eberhart & Kennedy ) . In MOPSO, one of the solutions that is taken from the repository is used instead of P g since in a multi-objective problem a single solution does not exist vice versa:
where F 1 and F 2 are objective functions; N tp is the number of time steps, which is 125; N j is the number of cells in model, which is 15,912; H tj is the head of water in the tth time step in the jth cell; H 1j is the head of water in the 1th time step in the jth cell; C tj is the concentration of TDS in the tth time step in the jth cell; C 1j is the concentration of TDS in the 1th time step in the jth cell:
where GW tp is the sum of pumped water from agricultural wells in t p month; t p is the month counter; t d is the number of days in t p th month; Q k,tp is the pumping flow rate of kth well in t p month (m 3 /day); k is the well counter; NW is the number of pumping wells; N tp is the number of planning months; C k,tp is the TDS concentration in the kth well in t p month (mg/lit); SW tp is the surface water used in t p th month (m 3 ); SW min tp is the minimum surface water used in t p th month that is zero (m 3 ); SW max tp is the maximum surface water used in t p th month that is total water demand (m 3 ); C min is the minimum TDS concentration of used water that is zero; C min is the maximum TDS concentration of used water that is 2,000 (mg/liter). The demand of water in this region is 600 MCM per year that is supplied by using surface and ground water resources.
After developing the simulation and optimization models mentioned in the previous sections, both models are coupled to solve groundwater management problems. For each time step of calculating the quantity of the sustainability index, deficits D j t are positive when the water reservoir j t is less than the water desire j t for the jth point of the source. For each time period t in calculating the quality sustainability index, deficits D t j are positive when the water reservoir t j is more than the water desire t j for the jth point of the source. In this study, the water desire t j is equal to the water reservoir t j in first time step: 
Reliability is considered the part of time when the state of source is better than the desirable state of source. Resilience is the probability that a successful period follows a failure period (the number of times
for all failure periods (the number of times D t i > 0 occurred). This statistic assesses the recovery of the source once it has failed:
Vulnerability
Vulnerability is the likely value of deficits, if they occur 
In order to compare groups of water sources, sustainability by group (SI) was defined:
RESULTS AND DISCUSSION
MODFLOW models' calibration and validation transverse dispersivity to longitudinal, and ratio of vertical transverse dispersivity to longitudinal dispersivity were obtained. Table 3 shows the calibration and validation of results obtained in all of concentration observation wells.
As can be seen, MT3DMS results fit the observed values for the majority of the control points. Figure 9 shows the calibrated errors in each observation well for 7 November 2002 and Figure 10 shows the validated errors in each observation well for 7 March 2013. All of the errors in the observation wells were less than 1 (meter for quantity model and mg/liter for quality model).
Predictive simulation
The transient model simulation was used to predict the response of the aquifer system to anticipate changes in hydrological stresses for the next 125 monthly time steps.
Scenario 1 is set to continue the previous trend in groundwater abstraction. Figure 11 shows the prediction of hydraulic heads and Figure 12 shows the prediction of TDS concentration at the 250th time step (6 August 2023).
In the second scenario we assume that the groundwater abstractions increased by 30%. Figure 13 shows hydraulic head predictions and Figure 14 shows the TDS concentration of water at the 250th time step (6 August 2023). In the third scenario we assume a 30% reduction in groundwater abstraction. Figures 15 and 16 show hydraulic head and TDS concentration predictions at the 250th time step (6 August 2023), respectively. 
MODFLOW-MT3DMS-MOPSO models' result
The developed groundwater management model (MOD-FLOW-MT3DMS-MOPSO) is applied to Esfahan-Borkhar aquifer system. There were 3,970 pumping wells in the region (black points in Figure 17 ). If we use all of the pumping wells in the simulation-optimization model, the running time increases too much. Because of the reducing time of or Pareto-optimal solutions, and is presented in Figure 18 . The results indicate that the SI in the simulation period is 0.052 and the SI under the first, second and third scenarios are 0.04, 0.033 and 0.05, respectively. While the majority of Pareto optimal answers have a higher sustainability index than the third scenario (30% reduction of operation). The sustainability index with the best answer of Pareto front is 0.059, relatively, and the sustainability index of the third scenario is 0.05. 
